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Dynamic and Thermal Effects 


ELEMENTS OF THEORETICAL DESIGN 

The design for fatigue is relatively straightforward when the experimental curve, 
such as that shown in Fig. 13.2, is available. However, when such data are not at 
hand, various theoretical estimates can still be made [58]. 

A conservative prediction of the maximum and minimum stresses for uniaxial 
loading follows from Sodcrberg’s law [21] 


C’max = + 0- m |^1 - ^ j (13.3) 

CT min = - ^ ^ ( 13 ‘ 4 ) 


In these formulas, a e denotes the endurance limit, such as that shown in Fig. 13.2. 
The yield strength of the material is cr y . The mean stress <r m , together with cr max 
and <r min is defined in Fig. 13.1. When a structural component is subjected to 
a combined stress system, the endurance limit can be calculated on the basis of 
the distortion energy theory [21, 58] utilizing Eqs. (13.3) and (13.4) or similar 
models. Such problems are rather complicated and it is often necessary to run 
experiments in support of the theory. For example, interesting studies of this nature 
have been conducted on cylinders (with side holes) subjected to pulsating internal 
pressures [21]. 


EFFECT OF SURFACE FINISH 

Although the applied stress is the most important single factor in fatigue per¬ 
formance, geometrical discontinuities, surface effects, and environmental variables 
should also be taken into account. As far as surface effects are concerned, stress 
raisers due to roughness, residual stresses, and nonuniformity of the material prop¬ 
erties between the surface and the core must influence the fatigue life. 

Under the normal conditions of mechanical finishing of the surface, highly pol¬ 
ished specimens have the fatigue life higher by at least 10% compared with that of 
relatively rough machined samples [62]. The effect of finish on the endurance limit 
for shorter fatigue life appears to be less pronounced [63]. There is also sufficient 
evidence to indicate that surface sensitivity increases with the tensile strength [64]. 
Furthermore, the magnitude of the residual stresses in high-strength steels, pro¬ 
duced by milling and grinding, can be very high. In one case of a poor practice, 
for instance, a residual tensile stress in the surface layer of a high-strength steel 
was found to be close to 200,000 psi [65]. Although this is rather unusual, values 
of 100,000 psi are not uncommon. Fortunately such stresses can often be mitigated 
by stress relieving, abrasive tumbling, or shot peening. 

In a particular application of machine shafts where bending and torsion can 
combine to create high stress gradients, hardening of the surface by carburizing, 
flame hardening, or nitriding produces beneficial effects. In this manner the surface 
stronger than the core can be provided. If, in addition to this treatment, we can 



